Mating pairs and nonmating individuals of the grasshopper Eyprepocnemis plorans were collected in a natural population during the 1992 season, in order to determine whether sexual preferences of males and females are correlated with various morphological and physiological characters. These included condition based on body size and somatic and gonadal weight. A comparison of frequency distributions for these characters between the two types of individuals showed that mating frequency (the probability of being sampled while mating) was independent of the characters measured in males but was highly significantly dependent on somatic condition in females. Mating females showed a better somatic condition (defined as the residuals of the regression of somatic weight on body size) than nonmating ones. The implications of this finding in shaping the polygynandrous mating system of this species are discussed.
Introduction
Sexual size dimorphism is the result of differences in the net selection pressures acting on body size in both sexes (see Preziosi & Fairbairn, 1996, for review) . Both sexual and fecundity selection niay be important factors enhancing sex differences in body size (Darwin, 1871) . In species where males are the larger sex (some mammals) sexual selection for larger males who gain an advantage in contests over mates may be the major cause of sexual size dimorphism. However, in species where females are the larger sex (many insects) fecundity selection favouring larger females (which are able to mature and lay more eggs) is most likely the main determining factor (see Andersson, 1994 , for review).
Premating sexual selection may occur at intra-(mating competition) or intersexual (mate choice) levels, and similar levels are found for postmating sexual selection acting through sperm competition (intrasexual) and cryptic female choice (intersexual). Insect females usually store sufficient sperm to fertilize all the eggs they lay over their lifetime; however, they usually mate multiply (Ridley, 1988) . To explain this behaviour it is necessary to ascertain the benefits they obtain from multiple mating. Possible advantages include: (i) an increase in fecundity derived from obtaining male ejaculate nutrients; (ii) an increase in fertility because of replenishment of Correspondcnce. E-mail: jpmcamac@goliat.ugr.es sperm storage organs; and (iii) the avoidance of sterility resulting from mating with a single sterile male. These benefits explain why many insect females are prone to mate frequently despite the various disadvantages of mating in terms of predation and disease risks and the time and energy devoted to it. In polygynous mating systems, the best strategy for males to improve fertility is to achieve many matings with different females, although the benefits they obtain greatly depend on sperm competition devices (see Smith, 1984, for review) . Because most insects do not establish stable pairbonds, it is expected that female multiple mating should give rise to polygynandrous mating systems as a logical consequence of both sexes trying to mate frequently.
The grasshopper Eyprepocnemis plorans is a clear example of an insect with a polygynandrous mating system. Males do not stridulate at all, thus differing from many other grasshopper species, so that mate finding and courtship seem to be essentially visual and pheromonal. Females store and maintain viable sperm for about 60 days (López-León et al., 1994) . In the laboratory, females mate several times before the first egg-pod laying, but generally only once in each subsequent egg-pod cycle (Pardo et al., 1995 a) . They mate indiscriminately with different males, and there is evidence for multiple paternity among progeny of females mated in the field (López-León et al., 1995) , although a high last-male sperm prece-524
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dence is the norm (on average, 90 per cent of the progeny is sired by the last male mated to the female; López-León et al., 1993) . Males incorporate proteinaceous nutrients into the ejaculate that passes to the female's body and these are incorporated into the eggs she subsequently lays, with a consequent increase in egg and embryo production (Pardo et al., 1995a) .
The operation of natural and sexual selection in the field may be shown by a number of different methods (Arnold & Wade, 1984a,b; Endler, 1986) . The cross-sectional method consists of collecting individuals at different stages (young or adult) or status (breeding or nonbreeding; mating or nonniating) and comparing their frequency distributions for a number of characters. Recent examples using this method to detect premating sexual selection may be found in the fruit fly Drosophila buzzatii (Santos et al., 1988) , the water strider Gerris odontogaster (Arnqvist, 1992) and the marine snail Littorina saxatilis (Johannesson et al., 1995) .
The present paper aims to detect possible morphological and anatomical correlates of mating frequency in both sexes of the polygynandrous grasshopper Eyprepocneinis plorans in a natural population, using the cross-sectional method, by collecting a large number of individuals in two different mating states. The results revealed the absence of any relationship in males but a highly significant dependence of mating frequency on weight-based somatic condition in females.
Materials and methods
A total of 516 adult E. plorans were caught during October & November (1992) in Salobreña (Granada, Spain). As copulation in this species lasts about 24 h, it is relatively easy to collect mating pairs in natural populations; this means that in the Salobreña population, 10-20 mating pairs could be caught in a day in about 5 h sampling. Successive samplings were performed once or twice a week. Each sampling day, similar numbers of mating and nonmating individuals were caught. In total, 129 mating pairs, 129 nonmating males and 129 nonmating females were caught. In the first week of December a single couple was collected in one day of sampling and we decided not to perform additional sampling.
Each couple or nonmating individual was carried live to the laboratory in a small tube and weighed to the nearest 0.1 mg; after anaesthesia with ethyl acetate, the gonads were dissected out. Bodies were Pb values by using the sequential Bonferroni method; (ii) multivariate analysis, by means of logistic regression, a special case of multiple regression in which the dependent variable is binary (in our case, its two states were 'mating' and 'nonmating').
The present analysis provides information on whether or not individuals were mating at the time of collection, and does not necessarily translate into real mating success measured over a season or lifetime. It does, however, provide an indication of whether mating probability is related to morphological traits. To avoid confusion, we will use the term 'mating frequency' for our estimation, which is defined as the probability of an individual being sampled while mating (either 0 or 1) (Carroll & Salamon, 1995) .
Results

Analysis of morphological variation
A Principal Components Analysis (PCA) was first applied to summarize variation in a fewer set of variables that could be representative of body or gonad size. Three principal components (PCs) appeared in males: (i) PCI explained 44.55 per cent of total variance and was defined by thorax length, thorax width, tegmina length, femur length and tibia length; (ii) PCII explained 16.27 per cent and was associated with the number of testis follicles only; (iii) PCIII explained only 11.17 per cent and was exclusively attributable to variation in the number of antennal segments. PCI was thus a good indicator of body size whereas PCII and PCIII were univariate factors indicating testis and antenna structure, respectively, (Fig. la) .
In females, however, there were four PCs: (i) PCI explained 35.41 per cent of variance and was linked to the same variables as PCI in males, thus being a body size indicator; (ii) PCII explained 23.24 per cent and was defined by egg length and egg width, thus being an indicator of egg size; (iii) PCIII explained 10.06 per cent and was attributable to the number of ovarioles and developing eggs, thus being an indicator of ovary structure; (iv) PCIV explained 8.93 per cent, reflecting the variation in the number of antennal segments exclusively (Fig. ib) .
These PCAs showed that several of the traits measured in both sexes should be combined in a lower number of variables. First, body size is well shown by the five morphometrical traits measured, but we consider that thorax length (TL) is the best trait for measuring body size in this species because: (i) it was the variable showing the highest factor loadings in PCI of both sexes; (ii) thorax measurements may be obtained in all specimens, in contrast to hind legs that are accidentally lost in some specimens so that the use of the femur and tibia reduce the sample size; (iii) tegmina tip is frequently worn away; (iv) thorax width shows ambiguous borders, but thorax length is very well delimited so that it may be reliably measured.
Secondly, PCII in females suggests that egg length and width should be combined in a single variable indicating egg size; we have approximated egg volume (EV) to that of a cylinder.
Thirdly, the two variables included in PCIII in females, number of ovarioles and number of eggs, were combined as the proportion of ovarioles developing an egg (EDO). This is an index of the proportion of total reproductive potential actually employed by the female.
Fourthly, the total volume of eggs (TVE) was calculated as the product of egg volume and the number of eggs.
Somatic and gonadal conditions
Two additional body-weight-based variables were defined: somatic condition (SC) and gonadal condition (GC). SC was defined as the standardized residuals of the regression of somatic body weight (total body weight minus gonadal weight) on thorax length. Whereas SC was very well defined in both sexes (Fig. 2) , with very significant regressions, GC was poorly defined, especially in males (males: r = 0.132, SE 0.066, t223 = 1.99, P = 0.048; females: r = 0.200, SE 0.062, t253 = 3.24, P 0.001). non mating males did not differ significantly for any of the five variables compared (Table 1 ). In females, however, SC of mating females was highly significantly better than that of nonmating females (Ph = 0.004; Table 2 ). For logistic regression, we used only those variables that gave P-values lower than 0.3 in the singletrait comparisons. Table 3 shows that logistic
The Genetical Society of Great Britain, Heredity, 79, 524-530. regression confirms the results of the univariate comparisons, no differences between mating and nonmating males, and significantly better somatic condition in mating females (Fig. 3) . Spearman nonparametric rank correlation analysis on the males and females collected as mating pairs showed that mating was random for the five traits analysed, thorax length, number of antennal segments, number of testis follicles and ovariole number, somatic condition and gonadal condition (data not shown).
PCA analysis has shown that body size in E. plorans is well measured by thorax length, so that in the future this trait should be used as a body size index. This trait has been used in many species, e.g. Drosophila melanogaster (Pitnick, 1991) , D. buzzatii (Ruiz et a!., 1991) , D. testacea (James & Jaenike, 1992) 92 and Gerris odontogaster (Arnqvist, 1992) .
In some animal species body weight has been used as a measure of body size, e.g. in Neobellieria bullata (Berrigan & Locke, 1991) , Drosophila grimshawi (Droney, 1992) and Utetheisa omatrix (LaMunyon & Eisner, 1993) . Because body weight depends on both body size (expressed as length, volume, etc.) and body _________________________________________ condition, it should be appropriate to use separately an index for body size and another for weight-based body condition which is independent of body size. In some cases, e.g. Gerris odontogaster (Arnqvist, 1992) , body weight has been used as a condition index, but a distinction has rarely been made in the literature between body weight and condition, one of the few exceptions being the study by Bortolotti & Iko As Trivers (1972) pointed out, body size is an indicator of strength and may be important for intrasexual competition. Condition, defined as weight related to size, is rather a quality index, the same as a variety of physical and behavioural attributes (Andersson, 1986; Hill, 1990) . In the present study, Those traits showing a normal distribution were compared by the Student's t-test; the remainder, however, were compared by the Mann-Whitney test for which the standardized z-value is given. P,, probability resulting from sequential Bonferroni method. TL, thorax length (mm); ASN, number of antennal segments; EDO, ovarioles developing an egg; EV, egg volume; TVE, total volume of eggs; SC, somatic condition; GC, gonadal condition.
we have partitioned condition into somatic and gonadal conditions, both being the standardized residuals of the regression of weight (somatic or gonadal) on body size (represented by thorax length). The separate analysis of gonadal condition is very interesting for a species with a high last-male sperm precedence, as is the case for E. plorans (López-León et a!., 1993) , because it could be advantageous for males to recognize the females with the best gonadal condition, because these females could lay soon after mating and there would be less chance for sperm displacement by subsequent males. Our results have shown that although gonadal condition was higher in mating females than in nonmating ones (Table 2) , the significance was lost after The present results have shown that mating frequency in E. plorans males does not depend on any of the morphological and physiological traits analysed, including body size and condition.
Although there are many examples in the literature of a relationship between male body size or condition and mating success, there are also cases where no such association has been found, e.g. the damsel- Nonmating Mating fly Enallagma hageni (Fincke, 1988) , the horseshoe crab Limulus polyphemus (Loveland & Botton, 1992) , and the crickets Giyllus integer (Cade & Cade, 1992) and G. firinus (Roff & Fairbairn, 1993) .
In females, however, somatic condition was revealed as a highly significant correlate of mating frequency: those females with good somatic condition showed a high probability of being caught while mating. As female fitness increases with mating frequency in E. plorans (Pardo et at., 1995a) There are few examples of sexual selection in females, and all of them are related to cases of sex role reversal (Arnold, 1994) . Could E. plorans be another species with sex role reversal? A key factor that clearly could favour such a reversal is courtship feeding. In the Orthoptera, courtship feeding may be performed by means of external (Tettigonioidea) (Gwynne, 1984) or internal (Acridoidea) (Friedel & Gillot, 1977; Butlin et a!., 1987) spermatophores. In E. plorans, we have shown recently that males transfer proteinaceous substances in the ejaculate, and that these are incorporated into the eggs which the female subsequently lays, which explains why the rates of egg and embryo production are directly dependent of mating frequency (Pardo et al., 1995a) .
The fact that the increase in female fitness with mating frequency was apparent even though the females were fed ad libitum suggests that male nutrients are very important for egg production in E. plorans. In fact, virgin E. plorans females are reluctant to lay eggs, in contrast to Locusta migratoria where virgin females lay eggs at a rate comparable to that of mated females (Pardo et at., 1995b) . In E.
plorans it is possible that males transfer a quality factor with the ejaculate that might be important for egg production. It is well known that the E2 prostaglandin and other substances produced in the male accessory gland induce both vitelogenesis and oviposition in several insect species (Leopold, 1976) .
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There is no known case of a grasshopper showing sex role reversal, so it would be very interesting to investigate in future work the possibility that E.
plorans is such a case. This could be approached by, for instance, the determination of the operational sex ratio, measuring remating time for each sex and male choice experiments.
In a species with strong last-male sperm precedence, like E. plorans (LOpez-Leon et at., 1993) , it should be advantageous for males to mate preferentially with those females that are ready to lay, in order to maximize paternity, and somatic condition could perhaps run in parallel to the signals used by males to identify females carrying mature eggs. Because females obtain ejaculate nutrients from males, they are prone to mate frequently because this increases their fitness through improving the rate of egg production (Pardo et at., 1995a) . It would become advantageous for females to cheat males by simulating the signals that males use for mate choice. A possibility is that males detect ready-to-lay females because of their enlarged abdomen. If females with a better somatic condition have a higher facility for enlarging the abdomen despite lacking mature eggs, they could cheat males and thus gain more matings, the nutritional benefits obtained providing them a superior fitness. This could also explain why males do not seem to be able to mate preferentially with females with larger eggs (those ready to lay), thus avoiding sperm displacement.
